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Objective: We undertook this study to evaluate the hypothesis that most
microemboli signals in patients with artificial heart valves are gaseous,
assuming that microemboli counts in cerebral arteries would progressively
decline with increasing distance from the generating heart valve. Methods:
A total of 10 outpatients with CarboMedics (Sulzer Carbomedics Inc., n 5
5) and ATS prosthetic heart valves (n 5 5) in the aortic (n 5 8), mitral (n 5
l), or both aortic and mitral positions (n 5 l) were recruited. Monitoring
was performed simultaneously over the middle and anterior cerebral
arteries and the common carotid artery for 30 minutes with the 2 MHZ
transducers of a color duplex scanner (common carotid artery) and
pulsed-wave Doppler ultrasonography (intracranial arteries). All data were
harvested in an eight-channel digital audio tape recorder, and microem-
bolic signal counts were evaluated online by two separate observers. Results:
Significantly higher microembolic signal counts were recorded in the
common carotid artery (112 [75 to 175]) compared with the middle and
anterior cerebral arteries (30 [18 to 36], p < 0.0001). Interobserver
variability was satisfactory (k 5 0.81). Conclusions: Our results strongly
argue for gaseous underlying embolic material in patients with artificial
heart valves because bubbles are bound to implode with time. (J Thorac
Cardiovasc Surg 1998;115:808-10)
Several reports described a high prevalence ofDoppler microembolic signals (MES) in patients
with artificial heart valves.1-4 The underlying mate-
rial of these signals, however, has not yet been
defined. Although recent observations argue for
gaseous emboli,5-8 equivocal proof is currently not
available. Because the life span of air bubbles is
limited, their counts would progressively decline
with increasing distance from the generating heart
valve. This condition would obviously not be fulfilled
by formed particles. Simultaneous ultrasound mon-
itoring of the common carotid (CCA) and the
ipsilateral middle (MCA) and anterior (ACA) cere-
bral arteries in patients with artificial heart valves
could thus provide conclusive evidence on the na-
ture of the embolic material.
Patients and methods
Ten patients with artificial heart valves, eight men and
two women, aged 38 6 6 years (mean 6 SD, minimum 16,
maximum 65 years) were enrolled in this study after
informed consent. Normal color duplex and pulsed-wave
Doppler sonography findings of the extracranial and
intracranial cerebral arteries and willingness to attend
served as inclusion criteria. ATS (ATS, Lanarkshire,
Scotland, n 5 5) and CarboMedics (Sulzer Carbomedics
Inc., n 5 5) valves were inserted in the aortic (n 5 8),
mitral (n 5 1), or both aortic and mitral (n 5 1) positions
18 6 2 months before the transcranial Doppler examina-
tion. Transcranial Doppler monitoring over the ACA and
MCA was performed with the 2 MHZ probes of a pulsed
Doppler machine (Multi-Dop X-4, DWL, Germany),
whereas the CCA was monitored with a 2 MHZ sector
scan (Acuson XP 4, Acuson, Inc., Mountain View, Calif.)
With a spatial peak time average intensity ,50 mW/cm2,
a sample volume ranging between 2 and 3 mm, and a
128-point fast Fourier transform (FFT). Monitoring of the
common instead of the internal carotid artery in the
caudal direction was mandatory to prevent acoustic inter-
ference between the two Doppler transducers. Monitoring
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depths were 60 to 64 mm, 50 to 56 mm, and 16 to 26 mm
for the ACA, MCA, and CCA, respectively. CCA moni-
toring was performed with a hand-held transducer,
whereas an elastic frame was used for transcranial moni-
toring. MES were detected online, on the basis of recently
published criteria,9 with the exception that no decibel
threshold was applied to MES detected in the CCA
because their intensity could not be quantified. All data
were recorded on an eight-channel digital audio tape
recorder (TASCAM DA 88), and reviewed off-line by an
examiner independent to those performing ultrasound
monitoring and blinded to both their results and the
patients’ identity. Only signals recognized as such by all
observers involved were included in the final evaluation.
MES counts in the ACA were added to those in the MCA,
and the total count was used for further evaluation.
Non-normally distributed data were expressed as me-
dian, 95% confidence intervals (95% CI), and compared
using the Mann-Whitney U test. Cohens’ kappa was used
to assess specific agreement between the observers. Ac-
quired values indicate acceptable agreement if they are
between 0.4 and 0.75 and excellent agreement if they are
.0.75 (p , 0.0001, Mann-Whitney, individual values
listed in Table I).10
Results
Significantly higher MES counts were evident in
the CCA compared with the MCA/ACA (112 [75 to
175] vs 30 [18 to 36], median and 95% CI, p ,
0.0001, Mann-Whitney). Observer agreement was
satisfactory (k 5 0.78 for CCA and k 5 0.81 for
MCA/ACA).
Discussion
This is the first report of simultaneous transcra-
nial Doppler monitoring over the CCA, MCA, and
ACA in patients with artificial heart valves. The
basic limitation of this study was the fact that the
CCA, instead of the internal carotid artery, was
monitored. Thus it is possible that a portion of the
MES detected in the CCA subsequently followed
the external carotid artery. Still, this could at most
be true for 10% to 20% of emboli and could not be
the sole explanation for our observation. In addi-
tion, because two ultrasound devices were used, it
appears possible that their sensitivity in MES detec-
tion was different. Still, the frequency of both trans-
ducers was identical, minimizing discrepancies in
sensitivity.
The observed decline of MES counts between the
CCA and the MCA/ACA could be due to implosion
of bubbles with growing distance from their place of
origin, assuming gaseous embolic material, although
no plausible explanation can be provided, assuming
that the underlying material is formed. Several
previous observations in patients with artificial heart
valves, including the lacking4 or marginal2, 3 clinical
or hematologic11 correlations of MES, the signifi-
cant influence of oxygen inhalation on their
counts,6, 7 and their characteristics on multifre-
quency monitoring,8 also argue for gaseous mate-
rial. Still, the generating mechanism of gas bubbles
remains unclear. Cavitation caused by blood accel-
eration and deceleration through valve opening and
closure provides a potential explanation, but cavita-
tion bubbles are reported to implode within milli-
seconds and could not therefore enter the cerebral
circulation.12
In summary, we observed significantly higher
MES counts in the CCA compared with the MCA/
ACA, which most probably argues for gaseous em-
bolic material.
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